The aim of this study was to estimate population structure and ancestry of Qinchuan cattle by genotyping 27 individuals using the GeneSeek HD 77k BeadChip, and another 1355 cattle representing breeds distributed worldwide, which had been genotyped using the Illumina Bovine 50k BeadChip. Qinchuan cattle were characterized by a dominant Bos taurus ancestry, accompanied by a considerable proportion of Bos indicus ancestry based on principal components analysis and supervised admixture analysis. A small proportion of Bos javanicus ancestry was detected as well. A similar admixture pattern in both Qinchuan and Turkish cattle breeds reflects their similar degrees of zebu introgression. Our study presents a relatively clear view of the population structure and ancestry of Qinchuan cattle, serving to benefit our understanding of this breed and leading to better targeted conservation approaches moving forward.
Qinchuan cattle is the most excellent beef breed in China. A comprehensive characterization of population structure and ancestry from a genomic perspective would be of great benefit for conservation efforts as well as for sustainable exploitation practices. Uniparental markers are routinely used to trace the origins of Chinese cattle breeds by defining paternal and maternal lineages on the basis of variation sites and has revealed a dominant Bos taurus origin of Qinchuan cattle: the Y2 taurine paternal lineage and T maternal lineages with considerable indicine introgression from southern China (Lei et al. 2006; Cai et al. 2007; Li et al. 2013) . Analyses of genome-wide autosomal SNPs are now increasingly favoured in population studies for their abundance in genomes as well as for their capability to overcome the limitations of using uniparental markers (Morin et al. 2004) . In the present study, the GeneSeek HD 77k BeadChip was used to genotype 27 Qinchuan individuals to investigate population structure and ancestries in combination with published BeadChip data for cattle.
Materials and methods
Muscle tissue from 27 Qinchuan cattle were sampled at the slaughterhouse of the Qinbao Cattle Company (Shaanxi, China), according to Northwest A&F University's Animal Care Committee's requirements. Genomic DNA was extracted and genotyped with the GeneSeek HD 77k BeadChip, which contained 76 999 SNPs. The previously published dataset of the Illumina Bovine 50k BeadChip (54 609 SNPs), which included 1355 cattle covering 115 breeds (Table S1 ), as reported by Decker et al. (2009 Decker et al. ( , 2014 and Gautier et al. (2010) , was merged into our dataset using PLINK 1.07 software. A total of 24 710 SNPs were shared by both platforms. These data were reserved for subsequent principal components analysis (PCA) using EIGENSOFT (Patterson et al. 2006 ) and admixture analysis using ADMIXTURE (Alexander et al. 2009) . A phylogenetic tree was constructed using TREEMIX (Pickrell & Pritchard 2012) . Our genotyping dataset of Qinchuan cattle has been deposited into the GEO DataSets of NCBI (BioProject ID accession no. PRJNA390539).
Results and discussion
The PCA showed a clear separation between taurine cattle and indicine cattle along PC1. PC2 split African taurine cattle from European taurine, indicine and Bali cattle (Fig. S1 ). The wide distribution of Qinchuan along PC1 indicates that the breed has high heterogeneity. Ancestries of Qinchuan cattle were revealed through unsupervised and supervised admixture analysis. An unsupervised admixture analysis, with K = 3, clustered all populations into three clusters, namely European B. taurus, African B. taurus and B. indicus (Fig. 1a) . Results from the admixture analysis suggest that B. taurus is the dominant ancestral origin of the Qinchuan breed with a considerable heritage of B. indicus. These observations corroborate previous reports based on Y-chromosomal and mtDNA markers (Lei et al. 2006; Cai et al. 2007; Li et al. 2013) . The results from the unsupervised admixture analysis also suggest a substantial but largely African introgression, not only in many European breeds but also in East Asian cattle. However, there is no historical evidence to indicate cross breeding that would explain the African introgression into European breeds (cattle from the Netherlands, Belgium, France, Switzerland, Germany and Austria) and Chinese breeds during any historical period, and African mtDNA haplotypes are very rare in the Middle East and East Asian breeds (Beja-Pereira et al. 2006) . The apparent African component, which has been observed previously (Decker et al. 2014) , may be explained by a bias of the taurine cluster toward the most developed northwestern European breeds and thus does not represent the taurine gene pool.
Consequently, a K = 3 supervised clustering analysis was carried out with prior population information for (i) all except the Mediterranean European taurine cattle group, (ii) the African taurine cattle (N'Dama) and (iii) the indicine cattle group (Kankraj and Hariana). These new parameters revealed that the inferred African admixture was largely reduced in most European cattle (Fig. 1b) . The minor African admixture remained in Spanish and Italian cattle breeds, a finding consistent with the presence of the African T1 haplogroup (Beja-Pereira et al. 2006) . Although similar reductions in the proportions were detected in East Asian cattle, 11.6% of the proportion of inferred African ancestry remained in Qinchuan cattle. However, this observation may still be reflective of a biased representation of the taurine gene pool by European cattle breeds in the absence of adequate representation of the East Asian taurine gene pool. It is possible that this discrepancy could be remedied through inclusion of SNP profiles of pure East Asian taurine cattle, such as Turano-Mongolian or Yakut cattle, in the analysis. With K = 4, a small proportion of Bos javanicus (Bali) ancestry was clearly detected in Qinchuan cattle (Fig. S2) , an observation consistent with previous studies (Decker et al. 2014; Gao et al. 2017) . Qinchuan cattle are cultivated in the central area of China, and the ancestry has been heavily influenced by southern cattle breeds. Thus, the B. javanicus ancestry has infiltrated into Qinchuan cattle via the southern Chinese cattle breeds.
Humpless taurine (B. taurus) and humped zebu (B. indicus) cattle were domesticated in the Near East and the Indus Valley (Troy et al. 2001) . Asian cattle breeds were derived from two domestic populations (Gao et al. 2017) . Chinese cattle are divided into three groups based on geographic distribution: southern, central and northern. Southern and northern groups are primarily descendants of B. indicus and B. taurus respectively, whereas the central group originates from both B. indicus and B. taurus (Lei et al. 2006) . Qinchuan cattle have been cultivated predominantly in the Guanzhong area of Shaanxi province in China. Ancient Chang'an (now Xi'an) was a political, economic and cultural centre (Christian 2000) , where prolific trading likely resulted in the extensive admixture of B. taurus and B. indicus. The PCA results indicated the similar position of Turkish and Qinchuan cattle. Phylogenetic analysis indicated that three Turkish breeds (Anatolian Southern Yellow, South Anatolian Red, and Anatolian Black) diverged from European taurine breeds earlier than did the Qinchuan (Fig. S3) . Interestingly, East Anatolian Red and Qinchuan cattle even clustered in the same tree branch, which can be explained by the similar taurine-indicine admixture patterns as well as the similar allele frequencies for SNPs that have different frequencies in taurine and zebu breeds. Although the extensive taurine admixture in China and Anatolia were independent events, these regions shared similar intermediate positions in a geographic taurineindicine cline. With the wide application of whole-genome resequencing, exploration of genetic relationships among worldwide cattle breeds is expected to be significantly more accessible and yield much more detailed information in the near future.
Concluding remarks
In this short communication, we were able to contribute by clearly supporting evidence of a hybrid origin of Qinchuan cattle. This breed appears to possess a dominant B. taurus ancestry and a relatively small proportion of B. javanicus ancestry.
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